Abstract. Regenerating islet-derived family, member 4 (Reg4) is a secreted protein that plays a critical role in the development of colorectal cancer (CRC). In the present study, we examined the relationship between Reg4 and matrix metalloproteinase-7 (MMP-7) expression in CRC, particularly with regard to metastasis. RT-qPCR, western blotting, tissue microarray (TMA) and immunohistochemical staining were performed to detect Reg4 and MMP-7 expression in CRC tissues and paired adjacent normal tissues. As compared with normal tissues, most paired colon cancers showed a ≥2-fold increase in the Reg4 and MMP-7 mRNA levels, which was subsequently validated by the post-transcriptional levels. Immunohistochemical analysis demonstrated that Reg4 was associated with lymph node and distant metastasis, advanced American Joint Committee on Cancer (AJCC) stage, and histologic grade. Further studies showed the correlation between Reg4 and MMP-7 expression was significant in CRC with distant metastasis (r=0.555, P=0.021) and in the lymph-node metastasis samples (r=0.557, P<0.001). Patients with tumor positivity for the two molecules showed a worse prognosis even after radical surgery (P<0.001). Multivariate analysis revealed that patients with Reg4-and MMP-7-positive tumors had extremely poor OS (HR 4.63; 95% CI 2.43-8.81; P<0.001) and DFS (HR 3.88; 95% CI 2.08-7.22; P<0.001). Reg4 expression may be useful in the prediction of colon cancer prognosis when combined with MMP-7.
Introduction
Colorectal cancer (CRC) is one of the most common malignancies worldwide and has become the fifth most common cause of cancer-related mortality in China (1) . It is estimated that >50% of patients succumbing to CRC had developed distant metastasis. Thus, identifying available biomarkers and determining the mechanism involved in the development of metastasis in CRC is necessary.
The regenerating islet-derived family members (Reg) are a family of genes belonging to the calcium-dependent lectin gene superfamily and a group of secretory proteins that are essential for cell regeneration and proliferation (2) . Reg4, which was isolated from a cDNA library of ulcerative colitis (UC) tissues by Hartupee et al (3) , is the most recently identified member of the Reg family. It has been reported that Reg4 was markedly overexpressed in several gastrointestinal types of cancer including gastric, colorectal and pancreatic cancer (4) (5) (6) (7) (8) . In CRC, Oue et al (9) reported that Reg4 expression was associated with histologic grade and metastasis and high serum Reg4 concentrations were found in patients with liver metastasis. Furthermore, in vitro studies suggested the overexpression of Reg4 promoted cancer cell proliferation, migration, anti-apoptosis and resistance to chemoradiotherapy (10) (11) (12) (13) . However, the mechanism of how Reg4 performing these functions in CRC remains to be elucidated. Recently, it was shown that Reg4 promoted the proliferation and invasiveness of pancreatic cancer cells through upregulation of the expression of matrix metalloproteinase-7 (MMP-7) (14) . MMP-7, also known as matrilysin, is the smallest member of the MMP family, playing an important role in the degradation of extracellular matrix during cancer progression (15) . MMP-7 was elevated in several primary types of cancer including CRC and pancreatic carcinoma (16, 17) . MMP-7 is specifically expressed in epithelial tumor cells and has proteolytic activity against a wide spectrum of substrates such as proteoglycans, type Ⅳ collagen, fibronectin, elastin and laminin. In addition to degrading the extracellular matrix, MMP-7 was able to enhance angiogenesis by degrading soluble vascular endothelial growth factor (VEGF) receptor-1 which blocked VEGF access to endothelial cells, potentially promoting the metastasis of colon carcinoma cells by processing a cell surface protein(s) and thereby inducing loose and then tight aggregation of tumor cells (18, 19 CRC cells treated with the recombinant human Reg4 (rhR4) were found to increase the expression of MMP-7 (20). However, their relationship in CRC tissues is not fully understood. Therefore, quantitative real-time PCR (RT-qPCR), western blot analysis, and immunohistochemistry were applied in the present study to clarify the correlation between Reg4 and MMP-7 in CRC from transcriptional and post-transcriptional levels and their relationship with clinical characteristics. The present study aimed to show that positive Reg4 expression is associated with MMP-7 overexpression in colorectal tumors with metastasis and is a potential prognostic factor when combined with MMP-7 expression. Western blot analysis. Total protein was extracted from frozen primary colorectal tumors and adjacent normal tissues of four randomly selected patients using the radio immunoprecipitation assay lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate and 0.1% sodium dodecyl sulphate). Protein concentrations were measured using a bCA protein assay kit (beyotime biotechnology Co., Jiangsu, China). Equal amounts of protein were subjected to 15% sodium dodecyl sulphate-polyacrylamide gels and then transferred onto PVDF membranes according to standard protocols. The membranes were blocked in 5% fat-free milk solution with 0.1% Tween-20 for 1 h at room temperature, followed by incubation with the specific primary antibody including Reg4 (1:1,000; R&D Systems, Minneapolis, MN, USA), MMP-7 (1:500) and GAPDH (1:1,000) (both from Abcam, Cambridge, MA, USA) overnight at 4˚C. After washing the membranes with TbST three times, the blots were incubated with secondary antibodies conjugated to horseradish peroxidase for 1 h at room temperature. The bound antibodies were detected by enhanced chemiluminescence following the manufacturer's instructions. The abundance of each protein was determined and normalized against GAPDH expression.
Materials and methods

Patients
TMA construction. For tissue microarray (TMA) construction, primary tumors and paired normal tissues from 186 patients were retrieved from the Department of Pathology of Shanghai Jiaotong University Affiliated First People's Hospital. Of these samples, 63 samples were paired with lymph-node metastasis. Representative areas of tissues were established and 2.0-mm diameter cores were punched from the paraffin blocks. Two cores from each formalin-fixed, paraffin-embedded primary tumor and matched normal tissue at a distance of at least 2 cm from the tumor were arrayed. TMAs were constructed using a tissue microarray. The samples were examined by at least two investigators to prevent bias.
Immunohistochemistry. Immunohistochemical staining was performed using the primary antibody against Reg4 (1:100; R&D Systems) or MMP-7 (1:150; Abcam), followed by incubation with secondary antibody conjugated-HRP (DakoCytomation, Glostrup, Denmark). The slides were counterstained with Mayer's hematoxylin. Two independent investigators scored the positive staining of sections without any knowledge of the patients outcomes (double-blinded). The evaluation was based on the staining intensity and area. The staining intensity was graded as 0 (negative), 1 (weak) and 2 (strong). Staining area was scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 (76-100%) according to the percentage of positively stained cells. The sum of the staining score (intensity and extent) index was designated as: 0-2 (negative), 3-6 (positive) (21) .
Statistical analysis. Statistical analysis was performed with SPSS, version 19.0 (SPSS, Inc., Chicago, IL, USA). The differences of mRNA expression of Reg4 or MMP-7 between cancer tissues and paired normal mucosa were calculated by the paired t-test. The two-tailed χ 2 or Fisher's exact tests were used where appropriate, to determine the significance of the difference among the covariates. The correlation between Reg4 and MMP-7 protein expression was calculated using Spearman's test. The survival rates were calculated by the kaplan-Meier method. A log-rank test was used to compare the survival curves. Cox proportional hazard models were used to investigate the independent risk factors for death and significant factors were selected for the final multivariate regression model using the forward LR method. Differences at P<0.05 were considered to indicate a statistically significant result.
Results
Overexpression of Reg4 and MMP-7 in primary colon cancer compared with adjacent normal mucosa.
Of the 40 randomly selected, paired samples subject to RT-qPCR analysis, 25 (62.5%) colon cancers showed a ≥2-fold increase in Reg4 mRNA levels compared with that of the adjacent non-cancerous tissues, while 27 (67.5%) colon cancers showed a ≥2-fold increase in MMP-7 mRNA levels (Fig. 1A) . The global expression (ΔCt) of Reg4 or MMP-7 was 6.67±1.65 or 9.13±1.35 in tumor tissues and 4.93±1.85 (P<0.001) or 7.01±2.15 (P<0.001) in normal tissues, respectively. There were 21 (55%) colorectal cancer tissues showing an increase in Reg4 and MMP-7 mRNA levels and a statistical correlation of mRNA levels between Reg4 and MMP-7 was performed (r= 0.595, P<0.001). Four paired samples were randomly selected to evaluate their protein expression by western blot analysis and the majority of the samples showed higher levels of Reg4 and MMP-7 protein than that of the adjacent non-cancer tissues (Fig. 1b) . The results suggested that Reg4 and MMP-7 were elevated in CRC at the transcriptional and post-transcriptional levels.
Association of Reg4 and MMP-7 expression with clinicopathological parameters.
Of the 186 normal mucosa samples on the paired TMA, 168 (90.3%) cases showed negative Reg4 expression and 177 (95.2%) showed negative MMP-7 expression while the remaining samples showed weak cytoplasmic staining. by contrast, Reg4 and MMP-7 were prominently expressed in colon cancer tissue specimens with 73 (39.2%) and 87 (46.8%) cases of positive staining, respectively (Fig. 2) . Of the 63 matched samples available for analysis, both of the rates of positive Reg4 and MMP-7 expression in CRC lymph-node metastasis (LNM) cells were higher than that in the primary tumors (P= 0.024 and P= 0.003, respectively; Table I ). These data indicate the overexpression of Reg4 and MMP-7 may correlate with colon tumor metastasis.
Associations of Reg4 and MMP-7 expression with clinicopathological factors are shown in Table II -ΔΔCt was used to show the fold change. Twenty-five (62.5%) colon cancers showed a ≥2-fold increase in Reg4 mRNA levels compared with that of the adjacent non-cancerous tissues, while 27 (67.5%) colon cancers showed a ≥2-fold increase in MMP-7 mRNA levels. (B) Protein expression in representative four paired colon cancer tissues was measured by western blotting. GAPDH was used as the loading control. The four colon cancer tissues showed a higher Reg4 and MMP-7 expression compared with paired normal mucosa. Reg4, regenerating islet-derived family, member 4; MMP-7, matrix metalloproteinase-7.
MMP-7 (Fig. 3) . Particularly in the tumors with distant metastasis, ~64.7% (11/17) were expressed in Reg4 and MMP-7, and a statistical correlation (r=0.555, P=0.021) was observed. Furthermore, we examined the expression of Reg4 and MMP-7 in the metastatic lymph nodes and found the rate of LNM with a positive expression of Reg4 and MMP-7 was higher than that in the normal mucosa and the primary cancer (P<0.001), and the correlation of the two molecules in the metastatic lymph nodes was statistically significant (r=0.557, P<0.001; Table I ).
Survival analysis and prognostic significance of Reg4 or MMP-7 expression.
To assess the possible association between tumor Reg4 or MMP-7 expression and patient survival, the kaplan-Meier plots with a log-rank test for OS and DFS were Table I . Reg4 and MMP-7 immunohistochemical staining for protein expression in normal mucosa, primary tumors and lymph node metastasis.
Tissue samples -----------------------------------------------------------------------------------------------------------------------------------------------Expression of Reg4
Normal undertaken (Fig. 4) . It showed that patients with Reg4 overexpression tumors had a poorer OS (P<0.001) and DFS (P<0.001) than patients with Reg4-negative tumors (Fig. 4A) , and positive MMP-7 expression patients had a lower OS (P<0.001) and DFS (P<0.001) rate than patients with a negative MMP-7 expression (Fig. 4b) . Furthermore, with regard to the concomitant expression of Reg4 and MMP-7 proteins, we divided the samples into three groups: group 1, tumors exhibiting no expression of Reg4 Table II . Association between clinicopathological characteristics and Reg4 or MMP-7 protein expression. , 44 specimens). Notably, a better OS and DFS in group 1 was observed as compared to group 2, while group 3 showed the worst OS and DFS of the three groups (P<0.001) (Fig. 4C) .
Expression of Reg4 Expression of MMP-7 ---------------------------------------------------------------------------------------------------------
Using a univariate analysis in the Cox proportional hazards model, a decreased OS and increased postoperative recurrence were associated with the depth of tumor invasion, LNM, distant metastasis, AJCC stage, histological differentiation, vessel invasion, Reg4 expression, MMP-7 expression and the expression of Reg4 and MMP-7 (Table III) . The multivariate analysis revealed that the expression of Reg4 and MMP-7 was an independent prognostic factor for OS (HR 4.63; 95% CI 2.43-8.81; P<0.001) and DFS (HR 3.88; 95% CI 2.08-7.22; P<0.001), but not the expression of Reg4 or MMP-7 alone.
Discussion
Reg4 was first found from the proliferating cells in UC which potentially developed into CRC when progression occurred over 10 years. Findings of previous studies showed Reg4 was markedly upregulated in UC and colorectal adenomas although staining in the perinuclear of neuroendocrine cells in normal colon tissues was detected (4, 22, 23) . In the present study, we reported that Reg4 was overexpressed in CRC at the transcriptional and post-transcriptional levels. Further validation by immunohistochemistry showed that 39.2% of primary CRCs had positive Reg4 protein staining. This is consistent with the results reported by Oue et al (9) . This finding suggests that Reg4 has an important role in the progression of CRC carcinogenesis.
In the present study, the correlations between Reg4 expression and clinicopathological characteristics were evaluated. Overexpression of Reg4 was significantly associated with clinical stage, T stage, lymph node metastasis (LNM) and M stage. These correlations suggest that Reg4 overexpression may promote tumor invasion and metastasis. Moreover, the results show that the rate of positive Reg4 expression in LNM was higher than that in primary tumors, and higher in patients with distant metastasis than in patients without distant metastasis. Therefore, Reg4 may be an effectively diagnostic biomarker of CRC patients with metastasis. However, it is not clear how Reg4 performed its functions of promoting metastasis of colon cancer cells.
Recently, He et al (14) reported that in pancreatic cancer cells, the upregulation of Reg4 may lead to the overexpression of MMP-7, thereby increasing the metastatic ability of cancer cells. MMP-7 is important in the invasion and metastasis of Original magnification, x200 (x400 for inset images). Reg4, regenerating islet-derived family, member 4; MMP-7, matrix metalloproteinase-7.
carcinoma cells by cleaving membrane proteins such as integrin β4, syndecan-1 and E-cadherin (24) . Thus, we examined the relationship between MMP-7 and clinicopathological characteristics in CRC. In the present study, MMP-7 was more frequently observed in lymph-node metastatic cells than primary tumors and normal colorectal tissue, and it is indicated that MMP-7 may participate in the invasion and metastasis of CRC. Furthermore, a statistically significant positive correlation (r= 0.217, P= 0.003) between Reg4 and MMP-7 in CRC was observed. Particularly in LNM, the correlation (r= 0.557, P<0.001) between the two molecules was more significant. These data suggest that MMP-7 may be a biomarker predicting the metastasis of CRC when combined with Reg4. Table III . Univariate and multivariate Cox proportional hazard models for overall survival (OS) and disease-free survival (DFS). In the present study, the patients with overexpression of Reg4 and MMP-7 had an increased risk of tumor recurrence and shorter survival than patients with a negative expression of Reg4 or MMP-7. Multivariate Cox proportional hazard model showed Reg4 combined with MMP-7 expression is an independent prognostic factor for OS and DFS. Findings of previous studies also suggest that the patients with positive Reg4 or MMP-7 expression had a poor response for chemotherapy and radiotherapy than patients with a negative Reg4 or MMP-7 expression (12,13,25). As mentioned above, Reg4 and MMP-7 may have a strong predictive value and serve as drug targets for CRC patients.
The mechanism of how Reg4 regulates MMP-7 in CRC is not well elucidated. It was reported that MMP-7, which may be considered to function as an oncogene since colorectal tumorigenesis was suppressed in mice lacking MMP-7 (26), was a target gene of the β-catenin/TCF-4 signaling pathway (27) . bishnupuri el al (28) recently provided evidence that Reg4 regulated CRC cell proliferation and division by the Akt-GSk3β-β-catenin-TCF-4 signaling pathway. Therefore, Reg4 may promote colorectal tumorigenesis and CRC metastasis by upregulating MMP-7 through the Akt-GSk3β-β-catenin-TCF-4 signaling pathway.
To the best of our knowledge, this is the first study to report that the expression of Reg4 was correlated with that of MMP-7 in CRC at the transcriptional and post-transcriptional levels. Both Reg4 and MMP-7 were significantly upregulated in CRC and were associated with the invasion and metastasis of tumor cells. We suggest that tumor Reg4 and MMP-7 expression is a clinically useful, prognostic indicator of cancer metastasis, recurrence and poor patient survival. These preliminary findings should be fully verified in CRC cells at the molecular level and in murine models at the animal level.
